Soybean (G4viue max) ad pea (Piun saavn) differ in the traunport of fixed niten from nodules to shoots. The d nitrogen tr ort co u for soybean are meldes, while amides dominate in pea. A possible ezymic basis for this difference was examineL
enzymes were found to be nodule specifc, namely uicase and xanthine dehydrogenase. The level of enzymes found In the bacterolds Indicated no signifnt contri n of Rhizobiu j w purine cataboIsm n the overal formation of ureldes in the soybean nodule The presence in the nodules of prine n e and r actes makes a recirculatio of the rbose moiety posskie. In concert with ppyrosate synthetoe, ri available for a new roumd of purine de nowo synthesis, and thereby ureide formation.
For some leguminous species, especially soybean (13, 18) and cowpea (10) , it has been demonstrated that the principal compounds for transport and storage offixed nitrogen in the nodulated plants are the ureides allantoin and allantoic acid. The ureides amount to 70 to 95% of total organic nitrogen in the xylem sap in such plants. In other leguminous plants, such as pea, ureides amount only to 10% oforganic nitrogen, and the main compounds transported from the root and nodules are the amides glutamine and asparagine (15) .
It is assumed that the initial product ofnodule nitrogen fixation, ammonia, is assimilated as the amrde group of glutamine, which is then transferred sequentially to form glutamate, aspartate, and asparagine (7) . Glutamine and aspartate together with glycine are substrates for the purine de novo pathway ( Fig. 1) , where the assimilated nitrogen can be incorporated into the purine ring.
As shown for soybean and cowpea, the most probable pathway for ureide synthesis is through degradation of preformed purines (1, 17, 20, 21) . Formation of allantoic acid was found to be strongly inhibited by azaserine (8), known to be an inhibitor of glutamine-dependent reactions in the purine de novo pathway.
This suggests a connection between purine de novo synthesis and purine degradation in ureide formation. Comparing the activities of enzymes involved in purine catabolism in various tissues of soybean and cowpea, the highest activities are found in the cytosol 'Supported in part by The Danish Agricultural and Veterinary Research Council.
fraction of the nodules (9, 19) .
The purpose of this report is to clarify the role of the purine catabolizing enzymes in the production of ureides by comparing the relevant enzyme activities in plants with high and low ureide production, exemplified by soybean and pea, respectively. We have examined the activities required for ureide formation: 5'-nucleotidase, purine nucleosidase, xanthine dehydrogenase, uricase, and allantoinase in different tissues of pea and soybean, and in the respective bacteroids and bacteria. The bacterial extracts were further treated as described for the plant extracts.
MATERIALS AND METHODS

Chemicals
Enzyme Assays. All enzyme assays were performed at 32°C.
One unit is defined as the amount of enzyme catalyzing the conversion of 1 nmol substrate/min at 32°C. Assays based on changes in absorbancy were performed in a Unicam SPI800B spectrophotometer equipped with thermostatured cuvette compartment and automatic recording. 5'-Nucleotidase (EC 3.1.3.5) activity was measured as Pi released from IMP. The assay mixture contained 50 mM Tris-maleate (pH 5.3), 10 mM MgCl2, 3 mM IMP, and enzyme in a total volume of 400 id. Samples of 100 pl were removed at 2, 10, and 20 mi and Pi measured by the method of Eibl (6) .
Purine nucleosidase (EC 3.2.2.1) activity was determined by the formation of hypoxanthine with inosine as substrate. Reaction mixtures of 100 pl contained 50 mm K-phosphate (pH 7.4), 0.8 mM [U-"4Clinosine (0.25 $Ci/,Amol), and extract dialyzed against phosphate buffer. Aliquots of 15 id were withdrawn at 2, 5, 10, 15, and 20 min and applied onto polyethyleneimine cellulose-coated plastic plates. Chromatograms were developed in methanol to the line of application (2 cm) followed by water (8 cm). Inosine (RF 0.77) and hypoxanthine (RF 0.54) were located by inspection under UV light, spots were cut out, and radioactivity determined in a Beckman LS-250 liquid scintillation counter. Hydrolysis of nucleosides (other than inosine) was determined as formation of ribose, using the method of Park and Johnson (14) .
Xanthine dehydrogenase (EC 1.2.1.37) activity was measured as hypoxanthine-dependent formation of NADH at 340 nm. The reaction mixture contained 75 mm Tris-HCl (pH 8.6), 0.5 mM NAD, 0.25 mM hypoxanthine, and Sephadex G-25 gel-filtrated extract in a total volume of 1 ml. Uricase (EC 1.7.3.3) activity was determined by the decrease in A at 293 um due to the oxidation of uric acid. The assay mixture contained 85 mm glycine/NaOH (pH 10.0), 50 um uric acid, and extract dialyzed against Tris-buffer in a total volume of 1 ml. Allantoinase (EC 3.5.2.5) activity was determined by the formation of allantoic acid. The assay mixture contained 20 mm Tris-HCl (pH 7.6), 25 mm allantoin and extract dialyzed against Tris-buffer in a total volume of 500 IA. At appropriate times (0, 5, 10, and 15 min), 100-d samples were withdrawn and analyzed for allantoic acid by the formation of diphenylformazan according to Vogel and van der Drift (22) .
Ribokinase (EC 2.7.1.15) activity was determined by the formation of ribose-5-P. The reaction mixture contained 40 mM Tris-HC1 (pH 8.6), 0.5 mm [l-14Cjribose (1.9 ,uCi/,umol), 2.5 mM ATP, 5 mM MgCl2, and extract dialyzed against phosphate buffer in a total volume of 100 pl. Handling of samples and chromatography was performed as described for purine nucleosidase. Ribose-5-P (which did not migrate during chromatography) was easily separated from ribose (RF 0.9). Glutamate synthase (EC 1.4.1.14) activity was measured as glutamine-dependent oxidation of NADH at 340 um as described by Boland and Benny (3) using extracts dialyzed against phosphate buffer. Aspartate aminotransferase (EC 2.6.1.1) activity was determined by coupling oxaloacetate formation with malate dehydrogenase according to Bergmeyer and Bernt (2) using extracts dialyzed against Tris-buffer.
Protein was determined according to the method of Lowry et aL (11) using BSA as standard.
RESULTS
The activities of the indicated enzymes (Fig. 1) were determined in dialyzed extracts of different parts of pea and soybean plants. The results are given in Table I . These demonstrate the presence, both in pea and soybean nodules, of all the enzymes expected to be involved in the conversion of inosine 5'-monophosphate to allantoic acid. The main difference between the two species lies in the specific activities of two enzymes, namely 5'-nucleotidase and uricase which are 50-and 25-fold higher in soybean compared to pea nodules. The distribution of enzyme activity among different plant parts revealed that uricase, xanthine dehydrogenase, and ribokinase are mainly detected in the nodules of soybean. In pea, 51-Nucleotidase. Phosphatase activity directed against purine and pyrimidine nucleoside 5'-monophosphates with optimum activity around pH 5.3 was found in high levels in soybean nodules and leaves. In order to establish the pH optima for the different nucleotides, an unusual behavior was found, as the specificity of the nucleotidase changed with pH ( Fig. 2) , making the enzyme relatively more specific towards the purine nucleotides AMP, IMP, and GMP at more alkaline pH (Table III) . At pH 8.0, the highest V.. was obtained with IMP and GMP as substrates. The observed K,, values obtained with the crude extracts have been verified with highly purified preparations of nucleotidase from nodules (data not given). Soybean nodules and leaves were found to possess the same type of phosphatase activity, changing specificity with pH. Concomitant with the specificity change, a requirement for Mg2 was observed at more alkaline pH. Ribose-5-P, a product of ribokinase action, is not dephosphorylated by the phosphatase at any pH (Fig. 2) Bacial contamination in plant cytosol fraction of the nodule extract was determined by the presence of /-hydroxybutyrate dehydrogenase activity. Less than 1% (specific activity) was found when compared with the bacteroid activity. Ths or phosphate buffers. Rlboldnm. Ribokinase activity was only detected in nodules ofpea and soybean. The soybean enzyme was found to be specific for ribose with a K. value of 300 ,UM. Deoxyribose was not inhibitory. The enzyme is dependent on Mg2+ and ATP as other kinase. The pH optimum is at 8.6. A ribokinase with the same properties Was also found in the free living bacteria A legwninosarum and R japonicum.
DISCUSSION
In this study, we have compared the potential for ureide synthesis in two species of legumes, pea and soybean. The specific activities of the enzymes involved in the catabolism ofpurnes, 5'-nucleotidase, purine nucleosidase, xanthine dehydrogenase, uricase, and allantoinase, were demonstrated to be higher in soybean than in pea. The results agee well with the findings on xylem sap composition of similted nitrogen in the two species; up to 95% of N-compounds are detected in the form of ureides in soybean, while only a minor percentage (max, 10%) is found in pea. Two enzymes seem to be of importance in this context, namely 5'-nucleotidase and uricase, which are 50-and 25-fold higher in soybean compared to pea. The activities ofthe remainin ezymes were about the same level in nodules from the two plants.
IMP is situated at a branch point in intermediary metabolism, since it can be used for biosynthesis of AMP and GMP or alternatively be catabolized via 5'-nucleotidase. The (19) , and could be regarded as nodule-specific proteins. Table II demonstrates that neither bacteroids nor free living bacteria of R japonicum possess significant activities of purine catabolizing enzymes, as compared to the nodule cytosol. Bacterial purine catabolism then seems to be of limited importance in the overall nodule ureide synthesis in soybean. R leguminosarum and the corresponding bacteroids were found to have high xanthine dehydrogenase activity, and a role of these bacteria in purine catabolism in the pea nodule cannot be excluded.
The level of aspartate aminotransferase and glutamate synthase are equivalent in the two species. These two enzymes are involved in the primary assimilation of fixed N and are, as expected, present in both species.
Ribokinase activity is only detected in the nodules in both soybean and pea and in significant amounts in both cytosol and bacteroid fractions. Ribose, a product of purine nucleosidase action on inosine, is thereby available for both bacteroid and cytosol metabolism, resulting in ribose-5-P formation. Ribose-5-P can then be converted to phosphoribosylpyrophosphate via phosphoribosylpyrophosphate synthetase, which has been detected in soybean nodules (17) . Phosphoribosylpyrophosphate is then available for another round of purine de novo synthesis. Whether the purine de novo synthesis is taking place in the plant cytosol or in the bacteroid is still to be resolved.
Nothing is known about the regulation in plants of the involved enzymes at the level of gene expression. In fungi, such as Aspergillus and Neurospora, substrate induction of uricase and allantoinase have been found (16) . The feature of nodule specificity exerted by uricase, xanthine dehydrogenase, and ribokinase in soybean is subject to further examination.
